Understanding how climate alters plant-soil water dynamics, and its impact on physiological functions, is critical to improved predictions of vegetation responses to climate change. Here we analyzed how belowground interactions for water shift under warming and drought, and associated impacts on plant functions. In a semi-arid woodland, adult trees (piñon and juniper) and perennial grasses (blue grama) were exposed to warming and precipitation reduction. After 6 years of continuous treatment exposure, soil and plant water isotopic composition was measured to assess plant water uptake depths and community-level water source partitioning. Warming and drought modified plant water uptake depths. Under warming, contrasting changes in water sources between grasses and trees reduced belowground water source partitioning, resulting in higher interspecific competition for water. Under drought, shifts in trees and grass water sources to deeper soil layers resulted in the maintenance of the naturally occurring water source partitioning among species. Trees showed higher water stress, and reduced water use and photosynthesis in response to warming and drought. This case study demonstrates that neighboring plants shift their competitive interactions for water under prolonged warming and drought, but regardless of whether changes in moisture sources will result in increased competition among species or maintained partitioning of water resources, these competitive adaptations may easily be overridden by climate extremes.
Introduction
Global warming will amplify 21st century droughts (Trenberth and Fasullo 2013 , Williams et al. 2013 , raising large concerns for ecosystems worldwide, particularly in waterlimited regions (Allen et al. 2015) . How plants use and share soil water resources impacts their growth and ability to withstand extreme droughts and heat waves. Therefore, to accurately predict species dynamics and ecosystem water balances, understanding how climate change will alter plant water acquisition, belowground interactions for water resources and their subsequent impact on plant functions, is critical (West et al. 2008 ).
Species coexistence in dry ecosystems is assumed to largely depend on belowground water source stratification between species, with grasses usually relying on superficial soil water and trees depending on access to deeper sources (Valentini et al. 1992 , David et al. 2007 , Eggemeyer et al. 2009 , Rossatto et al. 2012 . This spatial water source separation in dry plant communities is often referred to as the 'two-layer hypothesis' (Walter 1971) . Belowground spatial moisture partitioning among plants emerging from differences in rooting patterns and water uptake depth (defined here as the use of different vertical soil water sources) should buffer the competition for water between interacting species, and result in more efficient use of ecosystem-level water availability (Walter 1971 , Noy-Meir 1973 . By using stable isotope approaches, earlier studies have demonstrated that vertical water source partitioning, and its seasonal variability, can sustain the functioning of plants in forests subjected to drought events (e.g., Jackson et al. 1995 , Querejeta et al. 2007 ). The resilience of semi-arid woodlands to climate change will therefore partially depend on plants' ability to maintain strong partitioning in water sources in order to limit competition for reduced soil moisture under warmer and drier conditions. Previous studies showed that individual species are able to modify their water uptake depth following variations in available soil moisture induced by precipitation and temperature changes. Indeed, water uptake patterns of plants can vary inter-annually following seasonal fluctuations in soil moisture with some species being able to shift their water sources to deeper soils during dry periods to maintain vital plant functions such as transpiration (e.g., Klein et al. 2014 , Voltas et al. 2015 , Grossiord et al. 2017a ). This response has been related to the ability of plants to increase their carbon-and nutrient-allocation to roots growing deeper in the soil under conditions of soil water depletion (Schenck and Jackson 2002, Breda et al. 2006 ). Yet, our understanding of how long-term temperature rise and reduced precipitation could impact community-level water source partitioning and the resulting impact on carbon and water functions remains limited.
In a semi-arid piñon-juniper woodland, we exposed plants to chronic warming (+4°C) and precipitation reduction (−45%, hereafter called drought treatment) to determine how projected climate change could alter vegetation functions. Trees demonstrated high resilience to temperature and water stress after 6 years of continuous climate manipulation (i.e., no mortality or crown browning). Such high resilience stimulated us to ask whether belowground interactions for water, particularly water source partitioning among species, were adjusted under warmer and drier conditions and contributed to the maintenance of tree carbon and water functions.
In this study, we used the stable deuterium isotopic composition in plant and soil water to determine how belowground community-level water source partitioning among coexisting trees and perennial grasses had shifted after 6 years of chronic warming and drought. This experiment included both trees and grasses because grasses contribute significantly to the ecohydrology of semi-arid systems (Walter 1971) . Predawn leaf water potential, leaf-level CO 2 assimilation and canopy hydraulic conductance were measured on the dominant tree species (i.e., the species that contribute the most to ecosystem functioning) to determine how variations in belowground interactions for water could affect tree water availability, water use and carbon assimilation rates.
Based on previous observations from this site, we hypothesized that increasing moisture stress (i.e., warming or drought) would amplify community-level water source partitioning (i.e., less water source overlap under warming and drought conditions). These adjustments in belowground interactions could minimize drought and warming impacts on tree drought exposure, water use and carbon assimilation.
Materials and methods

Study site
The study was conducted at the Los Alamos Survival-Mortality (SUMO) experiment located in Los Alamos County, New Mexico (35.49°N, 106.18°W, 2175 m above sea level). The site is characterized by Hackroy clay loam soils derived from volcanic tuff (Soil Survey Staff, Natural Resources Conservation Service, United States Department of Agriculture, http://websoilsurvey. nrcs.usda.gov) with a soil depth ranging from 500 to 550 mm. The vegetation is dominated by piñon pine (Pinus edulis Engelm.) and one-seed juniper (Juniperus monosperma Pinus edulis (Engelm.) Sarg.). Grasses (primarily Bouteloua gracilis), cacti and other tree species such as Gambel oak (Quercus gambelli Nutt.) can be found in inter-canopy spaces but they do not contribute significantly to total stand biomass. The site covers an area of~0.4 ha. The climate is semi-arid, with a mean annual temperature of 10.1°C and a mean annual precipitation of 360 mm (1987-2016 mean) , with about 50% falling during the North American Monsoon season, usually from July to September (Los Alamos Weather Machine, http://environweb.lanl.gov/weathermachine). In total, 64 trees were randomly selected for the experiment (32 juniper and 32 piñon pine trees, >5 cm diameter at breast height). Mean tree age was 56 ± 5 years and 79 ± 7 years for piñon and juniper, respectively (determined from tree cores). Tree height ranged between 1.5 m and 4.5 m.
Warming and drought manipulation
In early 2012, open-top chambers increasing air temperature bỹ 4.0°C and a precipitation exclusion structure consisting of clear polymer troughs reducing incoming precipitation reaching the ground by 45% (by area) were installed at the site. The trees were assigned to three treatments (four trees per treatment and per species): (i) ambient, for trees in ambient temperature and precipitation; (ii) warming, for trees inside chambers where temperature was maintained at~4.0°C above ambient temperature; (iii) drought, for trees located within the precipitation exclusion structure. The full experimental design also included a chamber control treatment for trees located inside chambers with temperature regulated to match ambient temperature and a warming + drought treatment for trees where both treatments were applied simultaneously ( Figure S1 available as Supplementary Data at Tree Physiology Online). As no tree clusters could be found in the warming + drought treatment, the treatment was excluded from this study. Earlier findings from this site over the 2012-16 period found no significant differences between ambient and chamber control treatments for both climatic and edaphic conditions (air temperature, relative humidity, vapor pressure deficit, air temperature), and for tree physiology including photosynthesis, transpiration, phenology, foliar structure and water uptake depth (Adams et al. 2015 , Garcia-Forner et al. 2016 , Grossiord et al. 2017a , 2017b , 2017c , suggesting no indirect effect of the chambers (e.g., changes in windspeed, incoming radiation or soil moisture). To avoid repetitive destructive measurements we therefore only used trees in the ambient treatment (i.e., no trees in the chamber control treatment) for the purpose of this study. The treatments could not be replicated because of logistical and financial constraints, but the design is similar to other replicated large-scale ecosystem manipulation experiments (e.g., Likens et al., 1970) , whose strength is acknowledged, especially where large treatment effects are expected (Pangle et al., 2012) .
Chamber footprints ranged from 6 m 2 to 20 m 2 and contained between one and five trees located at a minimum distance of 1.5 m from the chamber boundary. The selected trees in the drought treatment were located at least 10 m from the border of the precipitation exclusion structure (equivalent to two times the height of the tallest tree in the drought treatment). Although some roots of trees inside the chambers may have extended beyond the chamber boundary, we expect the majority of roots to be growing inside the chambers. Lateral roots of these species typically do not extend beyond 1.5 times tree height (maximum tree height in the chambers is 3.5 m), and the majority are usually found in close proximity to the bole (Gottfried et al. 1995) .
Environmental measurements
Climatic conditions were measured continuously and recorded by two weather stations on site (Climatronics, Bohemia, NY, USA). Atmospheric temperature and relative humidity were measured in all chambers using C215 Campbell sensors (Campbell Scientific, Logan, UT, USA) at two positions (1 m height and 2/3 of the canopy), and used for controlling the industrial-scale airconditioning units that regulated chamber temperature. Soil water content (%) was measured every 10 min at the base of each tree between 0 and 150 mm depth using TDR probes (CS625, Campbell Scientific) ( Figure 1 ). Soil temperature was measured every 10 min at the base of each tree using homemade thermocouples ( Figure 1 ). More details on the study site are provided by Adams et al. (2015) , Garcia-Forner et al. (2016) and Grossiord et al. (2017b) .
Water uptake patterns
In May 2017, after 6 years of continuous treatment exposure, we determined how plant water uptake depths and communitylevel water source partitioning between coexisting plant species had shifted in response to chronic drought and warming using stable isotopes. Four clusters of piñon-juniper trees (minimum bole-to-bole distance of 1 m) were selected from each of the ambient, warming and drought treatments (24 trees in total, i.e., 12 trees per species) ( Figure S2 available as Supplementary Data at Tree Physiology Online).
On day of year (DOY) 142, we sampled two to three 5-10 cm-long branch samples from each focal tree at 08:00 solar time (i.e., corresponding to the highest transpiration rates during the day, Grossiord et al. 2017c ) from healthy branches using clippers. We also sampled several root crowns of blue grama (Bouteloua gracilis), a perennial grass growing at the base of piñon-juniper clusters (12 samples in total). The root crown has been shown to be the least variable, and thus most reliable, tissue to sample for the assessment of herbaceous species water sources using stables isotopes (Barnard et al. 2006) . One soil core was collected in the center of each tree cluster (12 cores in total) and separated into four depths (0-100, 100-200, 200-300 and >400 mm) using a soil corer driven by an electric hammer (PN425, JMC Soil Samplers, Newton, IA, USA). Previous observations at the site confirmed that this number was sufficient to cover the natural variability in soil δ 2 H in all treatments (Grossiord et al. 2017a ). The holes were dug over the whole soil profile until the bedrock was reached and varied between 500 and 550 mm in depth (30 mm diameter). Plant and soil samples were immediately sealed into airtight vials with the vial lid wrapped in parafilm and placed in cool conditions to avoid evaporation.
Water was extracted from all plant and soil samples using a custom-made cryogenic vacuum distillation system housed in the Center for Stable Isotope Biogeochemistry (University of California Berkeley, Berkeley, CA, USA). The extraction time was 60 min for all samples following the West et al. (2007) Tree Physiology Online at http://www.treephys.oxfordjournals.org guidelines based on Ehleringer et al. (2000) . Previous tests at the site showed that this time was sufficient to extract all of the water from plant and soil samples (Grossiord et al. 2017a ). The stable isotope ratios of hydrogen in the water of each sample were determined on a dual inlet mass spectrometer using a hot chromium reactor unit (H/Device TM ) interfaced with a Thermo Delta Plus XL mass spectrometer and expressed in standard delta notation (δ 2 H, ‰). Precision for this analysis is ±0.17‰.
More details on the water extraction method are provided in Grossiord et al. (2017a) .
Water source partitioning at the community-level
Using the natural abundance of δ 2 H in soil and plant water, we analyzed how community-level water source partitioning between coexisting species had shifted in response to chronic drought and warming. We define belowground water source partitioning at the community-level (P W , unitless) as the sum of the differences in vertical water sources between all interacting plants (in a given tree cluster) with higher belowground partitioning when plants rely on distant water sources (i.e., different water uptake depths corresponding to greater differences in xylem water δ 2 H within a tree cluster). Therefore to estimate the relative distance in water sources between all coexisting plants in each tree cluster, we developed the following equation to calculate P W : Maximum CO 2 assimilation and predawn leaf water potential
To determine how treatments shifts in water source partitioning impacted the degree of moisture stress experienced by dominant tree species, we measured predawn leaf water potential (Ψ PD , MPa) of each tree on the same day as δ 2 H sampling. Two branch samples were taken per tree before sunrise, placed in plastic bags and stored in a refrigerator until they were measured within 1 h at the field site with a Scholander-type pressure chamber (PMS Instruments, Albany, OR, USA). We measured maximum CO 2 assimilation (A Max , μmol m −2 s −1 ) on one current-year sun-exposed shoot from each tree on the same day as Ψ PD measurements. The measurements were carried out using a Li-Cor LI-6400 infrared gas analyzer system and took place directly after isotopes sampling, i.e., between 9:00 and 11:00 solar time. The measurements were conducted with the following settings using the 2 × 3 LED chamber: 400 ppm of reference CO 2 concentration, 1500 μmol m −2 s −1 lightsaturating photosynthetic photon flux density and block temperature at 20°C to match ambient air temperature. CO 2 assimilation measurements were conducted with relative humidity on full scrub because relative humidity is very low (4-15%) at the site. Consequently, the ambient D values were close to conditions in the chamber. Leaf temperature was measured using the energy balance. Projected leaf area of the measured foliage was determined using a Li-Cor LI-3100C area meter and was used to correct A Max .
Canopy-level hydraulic conductance
To determine how treatment shifts in belowground interactions for water resources could impact the amount of water used by trees, we calculated daily canopy-level hydraulic conductance (G s ) for individual trees using a simplified inversion of the Penman-Monteith model (Monteith and Unsworth 1990) and tree sap flux measurements. This model assumes large boundary layer conductance, low water storage above the sap flux sensor and no vertical vapor pressure deficit (D) gradients within the canopy (Ewers and Oren 2000) . We expect that the conditions were matched in our site as it is characterized by high winds ) was calculated as:
where K G is the conductance coefficient as a function of temperature (115.8 ± 0.4236T A , kPa m 3 kg −1
) and accounts for temperature effects on the psychrometric constant, latent heat of vaporization, specific heat of air at constant pressure and air density, and T A is the air temperature (°C) (Phillips and Oren 1998) . E L of each tree was calculated by multiplying sap flux density (F D ) by the total sapwood area, and dividing by total leaf area (see Supplementary information and McBranch et al. 2018) . The thermal dissipation method (Granier 1987 ) was used to continuously measure F D by installing two 20 mm-long probes (Plant Sensors, Nakara, Australia) under the bark and the cambium at 0.8-1.3 m aboveground with a 10 cm vertical spacing between probes in each tree. The probes were always situated below the canopy for all sampled trees. The F D was calculated following the equation proposed by Granier (1987) . The G s was converted to mmol m −2 s −1 using site-specific atmospheric pressure (77.1 kPa) and T A (Pearcy et al. 1989) . In this study, daily G s values for May 2017 were used, as they corresponded to the same period as δ 
Statistical analyses
We calculated the Hegyi competition index (CI) (Hegyi 1974 ) within a 5 m radius of each tree to account for competition intensity on belowground interactions for water. This index assumes that the relative diameter at breast height (DBH) and distance between the subject tree and the competitor trees reflects their competitive interaction for available resources, including soil moisture. All analyses were performed using the software R (3.2.1, R Development Core Team 2015) . To analyze treatment effects on environmental conditions (soil water content, soil temperature and atmospheric temperature) and soil water δ 2 H we used mixed linear, random slopes models where depths (for soil δ 2 H) and treatments were used as fixed effects. To detect differences in water uptake patterns between species and treatments we used ANOVA where species, treatments and CI were used as fixed effects. Similar models were used to detect treatment and species effects on tree physiology (Ψ PD , G S and A Max ), and treatment effects of water source partitioning (P W ). The average CI of each tree cluster was used to represent the competition intensity for P W . Relationships between P W and tree physiology (Ψ PD , G S and A Max ) were determined using linear regression. For all mixed linear, random slopes models the individual trees or grasses were input as random effects. The model selection procedure started with all variables and their interactions, and by removing progressively the variables with the lowest explanatory power until the minimal model with the lowest Akaike Information Criterion was obtained. Post-hoc analysis was performed with Tukey's HSD post-hoc test. An alpha critical value of α = 0.05 was used to determine statistical significance.
Results
Environmental conditions
Soil water content (SWC) varied significantly between treatments (P < 0.001) during the measurement period (i.e., May 2017) with the highest values observed in the ambient treatment (≈ +5%; Figure 1) . No difference was found in SWC between drought and warming treatments (Figure 1) . Conversely, soil temperature did not vary between treatments (P = 0.683; Figure 1 ), suggesting that treatment-induced variations in SWC were not driven by differences in evaporation rates, at least during the measurements. Atmospheric temperatures were significantly higher in the warming treatment (≈ +3.9°C) compared with ambient conditions (P < 0.001; Figure 1 ). Table S1 available as Supplementary Data at Tree Physiology Online) as commonly observed in soil water isotope profiles (Ehleringer and Dawson 1992) . No significant differences in soil δ 2 H were found between treatments (Table S1 available as Supplementary Data at Tree Physiology Online), which could suggest little to no increase in soil evaporation in the warming or drought treatments compared with ambient conditions. (Table S2 available as Supplementary Data at Tree Physiology Online). Treatments impacted plant water δ 2 H, pointing to shifts in water sources in response to drought and warming, but these effects varied between species (P = 0.026 for treatment × species interaction; Figure 3a , Table S2 available as Supplementary Data at Tree Physiology Online). For juniper, more negative δ 2 H were found in the drought treatment than in ambient trees (P = 0.047), suggesting higher reliance on deeper moisture sources (Figure 3a) . Inversely, more positive δ 2 H were found for juniper in the warming treatment than in ambient trees (P = 0.023), suggesting lower reliance on deeper moisture sources (Figure 3a) . For piñon, we observed no change in xylem water δ 2 H in response to either warming or drought (P = 0.849 and 0.984, respectively), indicating little plasticity in water sources. In contrast, a strong shift in δ 2 H was found for grasses with more negative δ 2 H values in the drought (P < 0.001) and warming (P = 0.007) treatments relative to ambient conditions, suggesting deeper water uptake in both treatments compared with ambient conditions. Tree Physiology Online at http://www.treephys.oxfordjournals.org
Natural abundance in soil water isotopes
Plant water uptake patterns
Water source partitioning
The P W varied significantly between treatments (P = 0.002; Figure 3b ) with reduced water source partitioning in the warming treatment relative to ambient conditions (P = 0.001). P W in the drought treatment was similar to ambient conditions (P = 0.099), despite both juniper and grasses having shifted their water uptake depth to deeper soil layers (Figure 3a) . Competition index (CI) had no impact on P W .
Tree physiology
Treatments impacted Ψ PD , but these effects varied between species (P = 0.040 for treatment × species interaction; Figure 4 , Table S3 available as Supplementary Data at Tree Physiology Online). For juniper we found that both drought (P = 0.003) and warming (P = 0.031) reduced Ψ PD relative to ambient conditions, suggesting higher water stress induced by prolonged warming and drought. For piñon, only drought reduced Ψ PD (P = 0.019) and thus resulted in higher water stress.
G S and A Max did not differ consistently between species (P = 0.412 and 0.155 for G S and A Max , respectively) but varied in response to the treatments (P < 0.001; Figure 4 , Table S3 available as Supplementary Data at Tree Physiology Online). Both species had lower G S (P < 0.001) and A Max (P = 0.023 and 0.041 for juniper and piñon, respectively) in the drought treatment compared with ambient trees, matching Ψ PD responses. Warming reduced juniper G S (P < 0.001) and A Max (P = 0.011) but did not impact piñon (P = 0.383 and 0.496 for G S and A Max , respectively), similar to Ψ PD patterns. Competition index (CI) had no impact on Ψ PD , G S and A Max suggesting that competition between plants at this site does not modulate tree physiology.
We found positive relationships between P W , and Ψ PD , G S and A Max (P < 0.001; Figure 5 ) for juniper trees, suggesting that reduced water source partitioning in response to warming and drought was associated with increased water stress, and decreased water use and photosynthesis. For piñon we found no relationship between P W and tree physiology (Figure 5 ), suggesting that shifts in community-level water source partitioning did not impact stress exposure, water use and photosynthesis rates.
Discussion
Our objective was to understand changes in belowground water dynamics among coexisting plants that had been exposed to warming and drought for 6 years. As commonly observed in semi-arid systems (Noy-Meir 1973, Schenk and Jackson 2002) , we observed a typical multi-layer water source partitioning at our site with grasses relying mostly on moisture from superficial soil layers, piñon pine occupying intermediate soil layers and juniper depending on deep moisture sources (Figure 3a) , at least during our sampling period. As the natural abundance in xylem water δ 2 H found in juniper trees was more negative than the deepest soil layers sampled here (Figures 2 and 3a) , we hypothesize that some of the water transpired by this species included water stored in the fractured bedrock. Measurements of xylem water sources at the site during the first 3 years of the manipulative experiment confirmed the ability of juniper trees to access this deep water source under ambient conditions (Grossiord et al. 2017a) . This finding contrasts with previous observations suggesting that bedrock water contributes little to transpiration sources in juniper trees (West et al. 2007 ). However, a higher reliance on water stored in the bedrock at our site could be related to the high porosity of the bedrock (≈40%, B.D. Newman, unpublished data) indicating a high storage capacity. In contrast, grasses δ 2 H was more positive than the shallowest soil layer (Figures 2 and 3a) , suggesting partial isotopic enrichment probably resulting from transpiration (Cernusak et al. 2016) . However, our study shows that the natural belowground water source partitioning existing between trees and grasses can shift after multi-year warming and drought (Figure 3b ), and at least partially contribute to the alteration of major functions (i.e., water use and photosynthesis) of the dominant vegetation type (Figures 4 and 5) . After long-term reductions in precipitation or extreme drought events (i.e., drought treatment) coexisting species shifted their water uptake strategies. Perennial grasses and juniper trees extended their water sources to deeper soil layers simultaneously (Figure 3a) under reduced precipitation, which could be associated with higher carbon investment to roots growing deeper in the soil (Schenck and Jackson 2002) . Alternatively, deeper water sources may contribute more to total water use for these species without a significant change in rooting depth. However, this adaptive ecosystem-level strategy that could reduce competition for water does not completely compensate for the relative reductions in available soil moisture (Figure 3b ). Subsequently the trees still experienced reduced gas exchange and increasing moisture stress in response to precipitation reduction, even for the deepest-rooted species (i.e., juniper, Figures 4 and 5) . ) for both tree species in each treatment. We found significant relationships between P W , and Ψ PD , G S and A Max for juniper but not for piñon. The equations, and the R 2 and P values for juniper trees are provided in each panel.
Tree Physiology Online at http://www.treephys.oxfordjournals.org When subjected to 6 years of continuous temperature rise, superficial and deep-rooted plants opted for contrasting water uptake strategies (i.e., shallower vs deeper water sources compared with ambient conditions) leading to higher water source overlapping compared with ambient conditions (Figure 3b ). Under warming, grasses were subjected to similar increase in water stress in superficial soil layers as under experimental drought conditions (Figure 1) , and therefore adopted the same response by increasing their water uptake depth to access deeper moister sources (Figure 3a) . Inversely, deep-rooted juniper trees may not have been impacted by the superficial changes in soil moisture (0-150 mm) and shifted uptake depth to more superficial sources (Figure 3a) , or at least took up less water from the deepest water sources. Interestingly, piñon physiological functions were not altered by the greater water source overlap under warming (Figure 4) , suggesting that the two tree species did not fully depend on the same moisture sources in the soil. By increasing the relative uptake of less negative δ 2 H soil water under warming, juniper trees may have stopped accessing more stable water sources that can be used at a slow and well-regulated rate to maintain transpiration and photosynthesis throughout the growing season, i.e., water stored in bedrock cracks. Warming therefore also resulted in higher drought stress for juniper trees, which could indicate that water resources may remain the major driver of plant growth and survival in this region in the future, independently of changes in precipitation. This belowground rooting response may be a result of warminginduced changes in canopy physiological processes: previous observations have demonstrated that juniper physiology is particularly sensitive to changes in temperature, including shifts in phenological development (Adams et al. 2015) , hydraulic anatomy (Grossiord et al. 2017c ) and foliar respiration (A. Collins et al. unpublished data) . More research is needed to fully decipher the underlying processes driving a belowground shift in response to warming.
Overall, both climate scenarios implemented at the site (i.e., increased temperature and extreme droughts) altered plant functions in our woodland, independently of adjustments in belowground interactions for water between species. Nevertheless, this work highlights that active shifts in water sources could become major determinants of semi-arid plant responses to climate change. This work further highlights that the major driver of plant functions in semi-arid regions may remain water availability, even if temperature is the only climatic factor changing in the future. Tree-and community-level adaptations in soil water sources, whether they were induced by changes in precipitation or by atmospheric temperature, eventually altered the water availability for plants (i.e., either through reduced incoming moisture or through increased water source overlap among species). Therefore, we could expect that in the coming decades, semi-arid plant communities may adjust their water sources to compensate for reductions in precipitation during extreme droughts, but the relative reduction in soil moisture may be too extreme, limiting the effectiveness of this strategy. Similarly, during prolonged heat waves plants with different rooting patterns may experience contrasting stresses (aboveground vs belowground limitations) and adopt differential water source strategies resulting in increased overlap of water uptake zones. Therefore, in the long-term, it is likely that global warming and periodic heat waves will become critical factors shaping arid and semi-arid vegetation dynamics similar to extreme droughts and independently of projected precipitation change.
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